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Abstract

Sum frequency generation vibrational spectroscopy (SFG) and quartz crystal
microbalance with dissipation monitoring (QCM-D) are employed to studytbeacial
structure and adsorbed amount of the amino acids L-lysine and L-proline and their
corresponding homopeptides, poly-L-lysine and poly-L-proline, at two liquid-solid
interfaces. SFG and QCM-D experiments of these molecules ardoauti at the
interface between phosphate buffered saline at pH 7.4 (PBS buffer) and the hydrophobic
deuterated polystyrendgPS) surface as well as the interface between PBS buffer and
hydrophilic fused silica (Si¢). The SFG spectra of the amino acids studied here are
gualitatively similar to their corresponding homopeptides; however, SFG sigmal fr
amino acids at the solid/PBS buffer interface is smaller in magnitudeedia their
more massive homopeptides at the concentrations studied here. Substantiatdgferen
are observed in SFG spectra for each species between the hydrajgHe®iand the
hydrophilic SiQ liquid-solid interfaces, suggesting surface-specific different exteaf
ordering of the biomolecules. At the solution concentrations studied here, QCM-D
measurements also indicate that on both surfaces poly-L-lysine adsorbsdteaeytent
than its constituent amino acid L-lysine. The opposite trend is demonstrgtet/Hy
proline which sticks to both surfaces less extensively than its corresponadimyacid,
L-proline. Both of these trends are explained by differences betweamthe acids and
their corresponding homopeptides in charge density, molecular mass, and solution
concentrations. Additionally, we find that the adsorption of the molecules studied here

can have a strong influence on interfacial water structure as detettedSFG spectra.



I ntroduction

The study of biomolecules, especially proteins and peptides, at interfa@sge
an active area of study for both the surface science and biomedical comsdifitie
recent years, the surface-specific technique of Sum Frequency Genes&tisn (
Vibrational Spectroscopy has been applied to the study of adsorbed proteins and peptides
at the solid-liquid interfac&® Of the several interfaces studied in the literature, two stand
out as being quite difficult to study: biomolecules at the silicaf8iquid interface and
amino acids (at physiological pH) at any solid/liquid interfa@aese two systems have
proven challenging due to the fact that C-H modes were not observed in the SF& spect
The cause of these phenomena is not knaymori, but postulated to result from
absence of amino acid side chain ordering. In the case of biomolecules at#eusier
interface, both the solvent and the surface are hydrophilic while a peptide or protein
contains side chains that generally are more hydrophobic. In the past iteaibedr
these hydrophobic side chains lacked sufficient driving force to order at thraphifulr
silica/buffer interface to the extent necessary to be observable via SEGatHieen
demonstrated for various chain-lengths of biomolecules: amino acids, small aad long
peptides, and large proteind* Amino acids, the individual building blocks of proteins,
have been studied with SFG before by Watry and Richrifontip examined several
amino acids at the oil/water interface; Ji and Sievho quantitatively studied leucine at
the air/water interface; Kim et df' who studied phenylalanine at the glassy carbon
electrode; and most recently Paszti et al., who examined several diffemeat acids
adsorbed on different hydrophilic solithin the case of amino-acids at the hydrophobic

solid/liquid interface, no C-H mode ordering has been observed in théuliee(evith the



exception of electrochemical interfat®sThe reason for this is unclear; ordered C-H
modes of proteins and peptides have been observed at the hydrophobic solid/buffer
interface previously.

In this report, we experimentally show C-H ordering in the SFG spectrum of
lysine amino acid and proline amino acid at the deuterated polystgkeR8)/phosphate
buffer saline (PBS buffer) interface; additionally, we present a §feGtrum
demonstrating C-H ordering of poly-L-lysine at the silica (piEBS buffer interface.
Next, we discuss the differences in the adsorbates’ interfacial stroctineth
hydrophilic and hydrophobic surfaces, a phenomenon that was first observed with SFG
by the Cremer grouph.We also compare how chain length influences the interfacial
structure of lysine and proline peptides at both hydrophobic and hydrophilic surfaces.
Additionally, we compare the interfacial structure of homopeptides to amphiphilic
peptides adsorbed to both hydrophobic and hydrophilic surfaces. Finally, we discuss the
influence of an adsorbed biomolecule on the ordering of interfacial water neslecul
Experimental

Chemicals. All molecules were dissolved in pH 7.4 PBS buffer from Sigma-
Aldrich (cat. no. P-5368). L-Lysine amino acid was obtained from Sigma-Aldrath (c
no. L5501) and poly-L-lysine was also obtained from Sigma-Aldrich (cat. no. P2658).
The concentration of L-lysine used in these experiments was 16.5 mg/mL and the
concentration of poly-L-lysine was 12.5 mg/mL. L-Proline amino acid was obtamad f
Sigma-Aldrich (cat. no. P5607) and poly-L-proline was also obtained from Sigma-
Aldrich (cat. no. P2254). The concentration of L-proline used was 500 mg/mL and the

concentration of poly-L-proline was 0.5 mg/mL. All concentrations were chosen to



maximize SFG signal while still maintaining solubility. In all eashe monomeric
solution concentration of side chains was higher for the amino acid than the polypeptide.
All chemicals were used as received.

SFG. The theory of SFG has been described elsewfiéf®ue to the small SFG
signal from amino acids at the solid/liquid interface, and biomolecules at@b#idhiid
interface, we have chosen a different experimental geometry than our previous
experiments’ The angle of incidence of the visible was 57° relative to the surface
normal, and the angle of incidence of the infrared was 64° relative to theesndrmal.
The influence of the choice of this geometry has been discussed in detail etésemde
will be discussed here only briefty By conducting experiments at these angles, it
became possible to detect individual amino acids with the signal to noise raticangcess
to observe their vibrational modes at the solid-liquid interface. These amgleshosen
since they are close to the total internal reflection angle, but not acit#tig angle.

SFG signal intensity depends both on the square of the number density and orientational
ordering of interfacial moleculé&*"?*All spectra presented here are in 8aeS/isPir
polarization combination.

QCM. Detailed descriptions of the background and theory of quartz crystal
microbalance with dissipation monitoring have been given elsefigrall QCM-D
measurements were conducted using a Q-SenseD36@.SiQ coated QCM sensor
crystals used were purchased directly from Q-Sense (Glen Burnie, MDJg-Pi&
coated crystals were prepared from gold coated sensor crystals (pumtinasthgfrom
Q-sense) by spin coatimlg-polystyrene (2% wt) in toluene (3000 rpm, 45 sec) and

subsequently annealing for 12 hours at 120 °C. Resulting film thicknesses were



previously determined to have a thickness of ~100 nm by ellipsometry. The fundamental
34 5" and 7' overtone frequencies for each crystal were determined in pure PBS
solution at pH 7.4 immediately prior to introduction of amino acid and peptide solutions.
Surface concentrations were determined using the Sauerbrey effatttinh linearly
correlates a change in frequency with an adsorbed nas)yjuency data from thé®3
overtone, and a mass sensitivity cons@of 17.7 ng - cfi- HZ* at 5 MHz. During
measurement, sensor crystals and solutions were maintained at 20.3 = 0.2 °C. After
establishing a stable baseline in buffer the sensor crystal surfacesxpesed to
biomolecule solutions at concentrations matching those used in SFG experiments. Minor
linear instrument drift was present in all QCM-D measurements. Thisavgescted for
by conducting a linear regression of the 10-30 minute&' af@rtone frequency data
collected from sensor crystals in pure PBS immediately prior to introduction of
biomolecule solutions for each individual measurement. The resulting linear equation
was then used to correct experimental data for the linear instrument deédior
individual measurement. The QCM instrument cell was cleaned between emasts
with 2% Hellmanex Il detergent solution (Hellma GmbH & Co. Mullheim, Gegpan
After measurements-PS coated Au sensor crystals were rinsed consecutively with
toluene and acetone prior t@ flasma treatment. Sy@ensor crystals were directly
cleaned by @plasma treatment.
Results

SFG. The SFG spectrum of poly-L-lysine dgPS is shown in Figure 1 (a).
There are two peaks apparent in the SFG spectra: 287@ssigned to Ck(s), and

2935 cnt assigned to CH(as)? These peaks are also apparent in the SFG spectrum of



lysine onds-PS with much weaker intensity (Figure 1 (b)); (it should be noted here that
the 2870 crit mode is very weak and is just above the level of the background). The SFG
spectrum (Figure 2 (a)) of poly-L-proline dgPS shows three intense modes at 2875

cm*, 2935 cnit, and 2980 cm. The mode at 2875 chis assigned to a combination of,

CgH2 (s), GH2 (s), and GH2 (s) (see Figure 2 (a) for details on the nomenclafirEe

mode at 2935 crhis assigned to a combination oftG (s) and GH2 (s)?’ Finally the
vibration at 2980 cfis assigned to a combination oft€ (as) and GH, (as)?’ These

modes are also clearly observed in the SFG spectra of L-prolitieRtf (Figure 2 (b)),

albeit with much less intensity than the poly-L-proline homopeptide.

The interfacial water structure at thePS/buffer interface (in the absence of
adsorbed biomolecules) shows one large continuum of weak intensity centered around
3100 cni.}” The water structure is not perturbed by the presence of adsorbed L-lysine,
despite the high solution concentration of amino acid. This is in contrast to poliné-lys
which slightly increased the water signal. In the case of poly-L-prdiimeever, the
interfacial water signal is greatly enhanced,; this is in opposition to thebadsior
proline, which showed nearly no change in interfacial water signal upon anmaho aci
adsorption. The physical interpretation of this is that amino acids and peptides can
influence the ordering of water molecules at the solid/liquid interface.

The SFG spectrum of poly-L-lysine on SifS presented in Figure 3 (a) and the
SFG spectrum of L-lysine on Si@ presented in Figure 3 (b). One small mode is
observed at 2960 chn The assignment of this peak is non-trivial: there is no evidence for
a vibrational mode of lysine at this energy. This mode is tentatively assmdd {as)

that is strongly perturbed due to a strong electrostatic interactiondsette positively



charged amine groups on the lysine side-chains and the negatively chafges cluthe
silica. The interfacial SFG spectra of poly-L-proline and L-prolindatSiQ/buffer
interface are shown in figures 4 (a) and (b), respectively. The high concenitration
proline may show a small mode around 3000'cattributed to CH> (as) and gH> (as),
possibly shifted due to interactions with the highly charged surface.

On SiQ, the water signal is much more intense, showing two broad modes
centered around ~3200 &rand ~3400 ci. These can be attributed to ice-like
tetrahedrally coordinated and water-like less than tetrahedrally natedihydrogen
bonded water molecules, respectivet$? Interestingly, the water signal is greatly
enhanced when L-lysine is adsorbed to the silica surface; this is in compast-L-
lysine, which shows a decrease in the water signal upon adsorption. The origin of this
behavior is not clear: electrostatic effects should be minimized by thedmighsirength
of the solution. Both poly-L-proline and L-proline show a decrease in overall wgitat si
intensity upon biomolecule adsorption. Additionally, the SFG water signal at the
SiO,/buffer interface decreases more significantly from background lapels the
introduction of L-proline than from poly-L-proline. Again, the physical interpiteof
this phenomenon is that amino acids and peptides can influence the ordering of water
molecules at the solid/liquid interface in a nontrivial manner.

QCM. Biomolecule surface concentrations were directly determined froM-Q
D measurements assuming the Sauerbrey equation i€%¥tlislas found that on both
the hydrophobids-PS/buffer and the hydrophilic Si®uffer interfaces poly-L-lysine
adsorbs to a greater extent than its constituent amino acid L-lysine. Hotheve

opposite trend is observed in the case of poly-L-proline which sticks to both surfaces less



extensively than its corresponding amino acid, L-proline. Rawa8monic QCM-D
frequency and dissipation data for poly-L-proline on Sgpresented in Figure 5 as a
representative example of all QCM-D measurements in this study. A syrof@CM-
D results are included in Figure 6 and stated in Table I.
Discussion

The broad range of biomolecule solubilities as well as SFG responses faurthe f
chemical species studied here required that QCM-D and SFG experimeatslbeted
over a range of solution concentrations spanning 0.5 mg/mL and 500 mg/mL in the cases
of poly-L-proline and L-proline, respectively. Although the experimental datanot
determine weather a monolayer, well organized multilayers, or latagdhegated
clumps exist on the surface, it is certainly the case that the bulk concentusgohsere
high enough for the entire surface to be covered with adsorbate based solelgnetrigeo
arguments. Therefore, we interpret these results presented here hdscleenfighe
constraints imposed by analyte availability for surface adsorption.

Although the interfacial concentration of L-proline determined by QCM-D
measurements is much greater than the interfacial concentration of-pobjtie, the

SFG signal intensity at thdg-PS/solution interface is weaker by approximately one order
of magnitude. This is somewhat surprising as the SFG intemsityec N , whereN is

the surface number densfTherefore, this result can only be interpreted in one way: L-
proline is much less ordered than poly-L-proline atdhBS/solution interfact’. The
physical origin of this effect is not clear from the experiments deschbee, but we
postulate that the decreased interfacial ordering of L-proline (vs. pphgline) at this

interface is due to the weak interactions between the adsorbate and the surfase. Tha



the driving force for adsorption here is probably not due to direct (i.e. eleticastvan
der Waals) forces between the adsorbate and surface, but rather driven by the
rearrangement of solvent molecules (water) around both the adsorbate acef$tifa
the absence of strong forces, L-proline is likely to adsorb in many cortfonsaand
thus appear disordered and give weak SFG signals. Poly-L-proline, on the other hand, has
many less degrees of freedom and will adsorb in fewer conformations on tlee surfa

The case of L-lysine and poly-L-lysine at thePS/buffer interface is somewhat
different. Here, the SFG intensity of the poly-L-lysine is also greaser the
corresponding amino acid and in this case by a factor of approximately ten. Her
however, the interfacial concentration of poly-L-lysine measured by QG8/higher
than L-lysine, meaning that the stronger signal of poly-L-lysine could be dughter hi
interfacial concentration or more ordering (the solubility limit of Lidgsis much less
than L-proline, and hence we were unable to perform experiments at very higbnsoluti
concentrations of L-lysine). Nonetheless, we hypothesize that the drivirgféorc
adsorption onto a hydrophobic surface such as polystyrene will be similarifer (gad
poly-L-lysine) and proline (and poly-L-proline). Given the fact that the seirfac
concentration of L-lysine is only approximately a factor of two less tharutfece
concentration of poly-L-lysine, we attribute the smaller SFG signal fréysibe
(relative to poly-L-lysine) to reduced interfacial ordering, in additiondoiced surface
concentration.

SFG signal of these molecules at the F0ffer interface is much lower than the
ds-PS/buffer interfacé® Given that the measured interfacial concentrations of the

molecules were not substantially different between the two interfacesguke of the
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reduced signal with the SjQubstrate must be due to reduced ordering at this interface
(relative to thedg-PS/buffer interface). While the molecular level details of why tleere i
little orientational ordering of adsorbates at this interface remainsamale can
postulate a possible explanation. The driving force for adsorption at this intenfade
be different than thds-PS/buffer interface; namely, Si® negatively charged at pH 7.4
where these experiments were conducted. These short range, relatbredy st
electrostatic interactions could possibly trap adsorbates in the confoguitadly adsorb
in.32*3That is, unlike the thermodynamic arguments given in the previous two
paragraphs, we believe kinetics control the lack of interfacial order @& #us®rbates. It
is interesting to note that Paszti et%lso did not obseni@-situ SFG signal of amino
acids from the Sigdaqueous interface, although their experimental conditions were
slightly different (they examined aspartic acid, glutamic acidagtute, cysteine, and
phenylalanine at lower pHs than this work, an®4pdP\isPir polarization combination).
The structure of water at interfaces remains an active area ofote&aad
debate®**>The largely featureless SFG spectrum ofdfiP'S/ buffer interface contains
only a small, broad signal from coordinated O-H modes between 3000-320Wsing
the nomenclature for the SiWater and air/water interfaces, we assign this peak to “ice-
like” water. By this assignment, we do not mean to imply the chemical natureesfatat
theds-PS/buffer interface is identical to “ice like” water at the Bi@ter interface. The
spectrum contains no free O-H moad little intensity around ~3400 &m
furthermore, sensitivity to contaminatiSrmakes understanding water structure athe
PS/buffer interface difficult. Certainly, water structure preserttedgPS/buffer

interface is quite different than “model” hydrophobic surfaces, such agihatar’ and
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OTS/water interface®. The SFG spectrum of thilg-PS/buffer interface is quite similar
to the dichloromethane/water interface that has been studied by Richmond and co-
workers¥**“%°They determined that the water structure is a consequence of increased
water penetration in the organic phase (something that is not likely%emd)general
disorder at the interfac8.

The poly-L-lysine and L-lysine results presented here are in stark stoiati@ur
previous studies on amphiphilic peptides adsorbed on hydrophobic and hydrophilic
surfaces:***"*'There, on hydrophobids-PS, the hydrophobic portion of the peptide was
ordered and observed in the SFG speCtttere, we see the opposite: hydrophilic L-
lysine and poly-L-lysine having ordered hydrocarbon chaindsdts.

We have previously shown that an N-H mode is observed in SFG spectrum of the
LK 14 a 14-residue-helical amphiphilic peptide composed of L-lysine and L-leucine
subunits, on a hydrophilic surfateThis mode was attributed to either the backbone
Amide A of ana-helix or the terminal amine on the hydrophilic, positively charged lysine
side chains. This mode is not obviously apparent in the SFG spectra of L-lysine, poly-L-
lysine, poly-L-proline, or L-proline on SiOIn fact, a C-H mode is observed in the SFG
spectrum of poly-L-lysine and L-proline on Sid0hese results demonstrate that the
ordered parts of adsorbed peptides are strongly dependent on the amphiphilicity, or more
generally, the chemical nature of the peptide.

QCM-D showed a greater mass of proline adsorbed than poly-L-proline on both
surfaces studied. This could be a result of solvated individual L-prolineespsdhis pH
being zwitterionic with a neutral charge balance thus enabling thetfomud stacked

layers on the surface because of electrostatics. The poly-L-proline doesatiiba
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electrostatic driving force because the amine and acidic portions of edicie jpinit are
replaced with amide bonds along the backbone leaving primarily only weaker
intermolecular forces to drive adsorption and cohesion at the interface.casthef
lysine QCM-D experiments indicated that its homopeptide, poly-L-lysirsarbdd more
extensively than the amino acid on bothdgéS and the Sigliquid solid interfaces.
This phenomenon may be explained by both the amino acid and the homopeptide having
positively charged side chains in solution at pH 7.4. As a result, both the amino acid and
homopeptide molecules of lysine are expected to experience an increashey nfim
repulsive interactions between the positively charged side chains of neighdjmeigs
on the surface with increasing surface concentration. However, due to the motessdar
of poly-L-lysine species being orders of magnitude greater than that of an intlividua
amino acid it is reasonable to expect a larger mass of the homopeptide would be bound to
the surface of the same area. While the above arguments could rationalize te@nesul
molecular level, it is important to keep in mind that the solution concentration of poly-L-
proline was three orders of magnitude smaller than L-proline, and the solution
concentration of poly-L-lysine and L-lysine were nearly identical. ERpnts to
understand how solution concentration influences interfacial ordering and amount
adsorbed are currently under way in our laboratory.
Conclusions

We have demonstrated both the feasibility of studying amino acids via SFG
vibrational spectroscopy at the solid/liquid interface as well as usingetiisigue to
investigate amino acids and peptides at the silica/water interfacee€dits demonstrate

that ordering of lysine and proline amino acid side chains occur d§-8®/buffer
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interface. Additionally, we have observed ordering of poly-L-lysine side chiihe a
silica/buffer interface. On the hydrophobic surface longer peptides showed Rtere S
signal attributed to the adsorbed species than did their substituent amino a&cids. W
interpret this as increased ordering among longer peptides at the hydrophobisadlid
interface. On the hydrophilic surface no clear trend was observed cogeb&is signal
intensity and biomolecule chain length. These results at both hydrophobic and
hydrophilic surfaces are significantly different than our previous studiegsoflzed
amphiphilic peptides. Finally, QCM-D showed that the extent to which the homagepti
adsorb relative to their corresponding amino acids may significantly dejpemdside
chain polarity and hydrophobicity in addition to conventional factors including molecular
mass and solution concentration.
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Figureand Table Captions

Figure 1. (a) The SFG spectra of the PBS buffeiA& interface (open black squares) and
the poly-L-lysine/d-PS interface (red circles). The concentration of poly-L-lysine was
12.5 mg/mL. The broad peak centered on ~3108 ismattributed to interfacial water.
Upon adsorption, two intense peaks are seen at 287@&ath2935 ci. These two

modes are assigned to £{8) and CH (as) respectively. The SFG intensity in the water
region is slightly increased in the presence of adsorbed poly-L-lysine h¢tBHG

spectra of the PBS buffelgtPS interface (open black squares) and the L-lyddrfeb
interface (red circles). The concentration of L-lysine was 16.5 mg/mL. Tael Ipeak
centered on ~3100 chis attributed to interfacial water. Upon adsorption of L-lysine, the
water structure is not perturbed but two modes of smaller intensity are obse?8&@ at
cm™* and 2935 ci. These modes can be assigned te GHand CH (as), respectively.
Figure 2. (a) The SFG spectra of the PBS buffgeib interface (open black squares) and
the poly-L-prolineds-PS interface (red circles). The concentration of poly-L-proline was
0.5 mg/mL. The broad peak centered on ~3100 nattributed to interfacial water, and
increases upon peptide adsorption. Three intense peaks are seen at 28@36nanT,

and 2980 cril. These three modes are assigned to a combinatiofHef(§), GH> (s),

and GH: (s); a combination of i, (s) and GH> (s); and a combination of,8; (as) and
CgH> (as), respectively. The inset shows proline amino acid with labeled carbonse(b) T
SFG spectra of the PBS bufi@yPS interface (open black squares) and the L-proline/
PS interface (red circles). The concentration of L-proline was 500 mg/mlbrobd

peak centered on ~3100 ¢nis attributed to interfacial water, and is constant with amino

acid adsorption. Three peaks are seen at 2875 2885 cn, and 2980 ci. These
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three modes are assigned to a combinatiorsld ), GH- (s), and GHz (s); a
combination of GH> (s) and GH> (s); and a combination ofz8> (as) and (H; (as),
respectively.

Figure 3. (a) The SFG spectra of the PBS buffer/silica interface (opehk btpares) and
the poly-L-lysine/silica interface (red squares). The concentration oflplylsine was

12.5 mg/mL. The buffer/silica interface water structure shows two veyg [saks

around ~3200 cthand ~3400 ci, attributed to tetrahedrally and less than tetrahedrally
coordinated hydrogen bonded water, respectively. Upon adsorption of poly-L-Iy&ne, t
overall SFG intensity in the water region is reduced, especially around 3200 kenC-

H mode seen around ~2960 ¢is attributed the methylene groups of the adsorbed poly-
L-lysine. (b) The SFG of the PBS buffer/silica interface (open blackesjuand the L-
lysine/silica interface (red circles). The solution concentration lgsine is 16.5 mg/mL.
The water structure shows two very large peaks around ~326@mt+~3400 c,
attributed to tetrahedrally and less than tetrahedrally coordinated hgdvogded water,
respectively. Note the increase in water signal upon L-lysine adsorption.

Figure4. (a) The SFG spectra of the PBS buffer/silica interface (o@ak slquares) and
the poly-L-proline/silica interface (red circles). The solution coneéintr of poly-L-

proline is 0.5 mg/mL. The water structure shows two very broad peaks around ~3200 cm
! and ~3400 c, attributed to tetrahedrally and less than tetrahedrally coordinated
hydrogen bonded water, respectively. There is little change in the watdrggnapoly-
L-proline adsorption. (b) The SFG spectra of the PBS buffer/silicHdante(open black
squares) and the L-proline/silica interface (red circles). The solutizceatration of L-

proline is 500 mg/mL. The water structure shows two very broad peaks around ~3200

18



cm* and ~3400 c, attributed to tetrahedrally and less than tetrahedrally coordinated
hydrogen bonded water, respectively. There is a decrease in the wateuganb-

proline adsorption.

Figure5. Raw QCM-D data for frequency (red squares) and dissipation (blue circles)
measurement of thé®harmonic of a Si@coated sensor crystal in PBS buffer before,
during, and after being exposed to poly-L-lysine solution.

Tablel. Surface concentration of the molecules examined in this study, determined by
QCM.

Figure 6. Surface concentration of the molecules examined in this study, determined by

QCM.
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Tablel.

Species
(Solution Conc.)

ds-Polystyrene
Surface Concentratio

SiO, Surface
n Concentration

L-Lysine
(16.5 mg/mL)

243 + 25 ng/cf

248 + 23 ng/cm

Poly-L-Lysine
(12.5 mg/mL)

457 + 42 nglcf

365 + 9 ng/cnt

L-Proline
(500 mg/mL)

5770 + 60 ng/ch

6070 + 130 ng/cih

Poly-L-Proline
(0.5 mg/mL)

140 + 31 ng/crii

171 + 29 ng/ci
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